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[57] ABSTRACT

Process and apparatus for the continuous electrolytic
treatment and/or coating of a moving metallic strip
whilst changing the spacing between the strip and at
least one electrode as a function of deviations (distor-
tions) of the strip normal to the direction of movement
of the strip in order to automatically maintain an opti-
mal spacing so as to keep the voltage drop in the elec-
trolyte low and save energy. For that purpose feeler
means are provided to determine the deviation and
generate a first signal. A second signal is generated as a
function of the velocity of the strip. The period from
the moment of detecting the deviation to the moment of
its arrival at the electrode, reduced by the response
period for changing the spacing, is computed. The per-
iod needed for passing through the electrode is com-
puted. The first signal is broadened at its maximum
value in terms of time as a function of the length of the
electrode(s) and of the second signal, and the spacing
between the strip and the electrode is adjusted at the
correct time and for the period of passage of the deviat-
Ing portion of the strip as a function of the determined
and computed data.

8 Claims, 2 Drawing Sheets




US. Patent  Apr.51988  Shetlofz 4,735,700

22 23 24
21 20 19 U+ ¢ -

' ’ YR 11 Q/0/
Va_XWa w.e —_—_"" - : sd

. Y AR & B AR AR W A A l

e

p)




US. Patent  Apr.5,198  Sheet20f2 4,735,700

ga




4,735,700

1

PROCESS AND APPARATUS FOR THE
CONTINUOUS ELECTROLYTIC TREATMENT
AND/OR COATING OF A MOVING METALLIC
STRIP WHILST CHANGING THE SPACING

BETWEEN THE STRIP AND AT LEAST ONE
| ELECTRODE

FIELD AMD BACKGROUND OF THE
INVENTION

The invention relates to a process and to an apparatus
for the continuous electrolytic treatment and/or coat-
ing of 2 moving metallic strip whilst changing the spac-
ing between the strip and at least one elctrode as a
function of deviations (distortions) of the strip normal
to the direction of movement of the strip.

In general it is desired to maintain the smallest possi-
~ ble spacing between the electrode and the strip in order
to keep the voltage drop in the electrolyte small and to
save energy. However, if the spacing is set too small,
distortions of the strip may result in short circuits and in
damage to the electrodes. | -

An apparatus for changing the spacing between the
electrode and the strip is known from U.S. Pat. No.
4,378,284. In that case the electrode is fitted to an elec-
trode mounting means made of elastic tubes, the tubes
being filled with a liquid medium. e.g. oil, and the spac-
ing being modified by changing the pressure of the
liquid medium. The adjustment of the spacing takes
place depending on the operating conditions which
affect the efficiency of the eléctrolysis procedure. For
example, holes or slots may be provided in the terminal
regions of th strip which are responded to by optical or
electrical means to bring about a definite change of the
spacing. Japanese published specification 113399 also
describes a process for the automatic adjustment of the
spacing of the electrode in relation to the strip. How-
-ever, in that case the adjustment proceeds as a function
of the level of consumption H of th anode, the number
“of ampere hours A X h, a constant K and an adjustment
factor N for the size of the electrode.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a process
and an apparatus for the automatic adjustment of the
spacing between the electrode and strip to the respec-
tive optimum as a function of deviations of the strip and
of the strip velocity.

The process of the type as set out in the opening
paragraph is characterised according to the invention
by the steps of

(a) determining the deviation as a function of its mag-

 nitude over a period,

(b) determining the period from the moment of de-
tecting the deviation to the moment of the arnival
of the deviation at the electrode, reduced by the
period needed for changing the spacing,

(c) determining the period needed for passing
through the electrode and

(d) adjusting the spacing between the strip and the
electrode as a function of the data determined in
the aforegoing steps.

The apparatus for carrying out the process is charac-

terised, according to the invention, by feeler means
which prior to the arrival of the deviation at the elec-
trode generate at least one continuous or discrete first
signal as a function of the deviation of the strip, measur-
ing means which generate a second signal as a function
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2

of the velocity of the strip, signal processing means.
comprising signal broadening means which as from the
occurence of a maximum value in the first signal
broaden that first signal in terms of time whilst main-
taining this maximum value as a function of the length

of the electrode and as a function of the second signal,
and delay means connected to the signal processing

means which delay time-wise the broadened first signal
as a function of the distance of the feeler means from the
beginning of the electrode and as a function of the sec-
ond signal, the period of delay being reduced by the
response period of adjustment means, connected to the
delay means, in order to adjust the spacing between the
strip and the electrode as a function of the broadened
and delayed first signal.

Further features and details of the invention will be
explained in the following: with reference to the draw-

Ing.
BRIEF DESCRIPTION OF THE DRAWINGS

There is shown in FIG. 1 a diagrammatic view of an
apparatus according to the invention,

FIG. 2 a feeler means according to the invention in a
perspective view and *

FIG. 3 a preferred embodiment of the invention com-
prising three adjustable electrode pairs.

DESCRIPTION OF PREFERRED
EMBODIMENTS

Referring to FIG. 1, a metallic strip, denoted as 1 is
moved in a horizontal direction between electrode
pairs Ei1, E2 and Es3, Ei, the space between the elec-
trodes being filled with an electrolyte having a compo-
sition which depends on the nature of the electrolytic
treatment and/or coating. The strip 1 passes between
two strip drive rollers 2, the shaft of one of the strip
drive rollers being coupled to a rev. counter means J,
e.g. a tacho generator. The signal S, of the rev. counter
means may optionaily be processed by way of a signal
converter 4, i.e. it may for example be converted into a
DC signal proportional to the rate of rotation of the
strip drive roller 2 and thus to the velocity V of the

strip 1.

A feeler means 5 is associated with the strnip 1 at a
distance 11 from the start of the electrode Ei, Ez in -
order to detect the deviations (distortions) of the strip 1
from the normally planar configuration, being adapted
to generate a continuous or discrete signal Sy as a func-
tion of the deviation which may optionally be processed
by way of a signal converter 6.

The signals S, and S; are passed to a signal processing
circuit 7 which may optionally be adapted to either
process signals in analogue or digital mode. For ana-
logue processing the signals Sy and S, derived from the
signal converters 4 and 6 are used whilst in the event of
digital processing the signals S, and S, are used either
directly or are passed by way of an appropriate analo-
gue/digital converter (not illustrated). In the latter case
the signal processing circuit 7 may preferably take the
form of a freely programmable control and computer
system or of a micro processor system. Adjustment
means 8, 9 for the electrodes E; and E;are connected to
the output of the signal processing means 7. The ¢lec-
trodes E; and Es are either adjusted synchronousiy
jointly with the aforegoing by way of a mechanical
coupling means or by way of a second feeler means. a
second signalling processing circuit of the same kind
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and two adjustment means connected thereto (not illus-

trated). | |

The signals Syand Sgare first passed to a signal broad-
ening circuit 10 in the signal processing circuitry 7 for
the duration of the signal S, as from the occurrence of
a maximum value (dsg/dt)=0 in the signal S; to be
broadened or lengthened by a period t. which is a func-
tion of the length I, of the electrode, whilst the maxi-
mum value of the signal S; is maintained, in terms of the
equation t.=(/e/v). In this manner it is ensured that the
electrode E; remains adjusted in accordance with the
maximum value of the distortion for the period of
residence of the distortion of the strip whilst passing
the electrode E;. The signal Sq which has been length-
ened time-wise is subsequently passed to two delay

circuits 11 and 12 to which the signal S, is passed as

well. In the delay circuit 11 a delay of the signal Sq
takes place by the period T,=(/1/v)—1t;, wherein |
represents the distance of the feeler means 5 up to the
beginning of the electrode E; and t* represents the re-
sponse time of the adjustment means 8. Accordingly, a
retardation of the signal S by the period t2=(/3/V) -5
takes place in the delay circuit 12, 12 representing the
distance of the feeler means 5 from the beginning of the
electrode E-. The output signals of the delay ciruits 11,
12 are fed as reference data to the adjustment means 8,
9. The result is that when the distortion arrives at the
respective electrode E!l, E3, an adjustment thereof has
already taken place to an extent corresponding to the
maximum magnitude of the distortion at the current
point in time, i.e. neither too soon nor too late.
. The adjustment means 8, 9 may be of an electrome-
chanical, pneumatic or hydraulic nature with or with-
out feedback of the actual value of the adjustment.
The feeler means § according to FIG. 2 comprises at
least two retaining members 13, 14 of insulating mate-
rial, e.g. comprising at least three U-shaped recesses in
each of which a metal tube 15, 16, 17, e.g. of aluminium
is movably held, the respective recesses having different
depth in a staggered pattern. The metal tubes 15, 16, 17
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are each urged in the recesses 13, 14 by means of springs -

18 against the bottom of the recesses. To each of the
metal tubes 15, 16, 17 a flexible conductor is connected,
e.2. by soldering and is connected to the terminal of a
relay coil 19, 20, 21, the other terminal of which is
connected to an AC source U~, e.g. of 42V. The
switch contacts 22, 23, 24 of the relay coils 19, 20, 21 are
connected up by way of appropriate resistors and con-
nected to a DC source U+. A resistor R from where 2
discrete signal S2 may be passed—as will be explained
further below—is connected between the connecting
points of the switch contact and earth.

If, for example, a distortion of the strip 1 causes the
metal tube 15 to be touched, a current flows from the
AC source U by way of the relay coil 19, the contact
between the metal tube 15 and the strip 1 and by way of
the earthed strip 1 back again to the second pole which
s similarly earthed of the AC source U~ causing the
~contact 24 to be closed and a corresponding signal S¢ to
be issued. In the event of a higer degree of distortion the
strip will contact the metal tubes 16, 17 as well such that
by closing the contacts 23, 24 correspondingly stronger
signals S¢ are issued. The feeler means 5 may also be of
an ohmic, inductive or capacitive nature. It is also DOSSI-
ble to use interrupted light ray sensors or ultrasound
transmitter and receiver means as feeler devices.

FIG. 3 illustrates an arrangement of three adjustable
electrode pairs E! to E® forming a unit. The intermedi-
ately located electrodes E3, E*are connected to the pius
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pole of a DC source and the outwardly located elec-
trodes E!, E<and E7, E®are connected to the minus pole
thereof, the intermediately located electrodes having
preferably twice the length of the outwardly located
electrodes. The intermdiately located electrodes E3, E*
are preferably flared outwardly from the centre in each
case by an inclination of 1° to 3°. Similarly the adjoining
outwardly located electrodes E!, E-and E-?, Ebare each
inwardly inclined by an angle of 1° to 3° as will be
apparent from FIG. 3. This inclination serves to com-
pensate for the voltage drop of the current flowing
along the strip 1 which flows from the intermediately
located electrodes E’, E* by way of the strip 1 to the
outwardly located electrodes E!, E2 and E3, E+ due to
the change of the voltage drop in the electrolyte as a
result of the localised change in spacing between the
electrodes and the strip, such that the overall resistance
composed of that of the electrolyte and that of the strip
remains constant. This expedient results in the current
density being rendered more uniform. Further units of
the same kind can be set up following onto this unit of
three electrode pairs.

The signal processing means 7 preferably takes the
form of a micro processor system to which in addition
to the signal S, also the signal S9! of a feeler device 5
provided below the strip 1 as well as the signal Se2of a
feeler device 5' provided above the strip 1 is fed, the
feeler devices 5, 5 being for example designed in accor-
dance with the feeler means illustrated in Fig. 2.

The signal S¢! is used for adjusting the electrodes E3
and EJ in response to downwardly directed distortions
of the strip 1, whilst the signal S32is used for the adjust-
ment of the electrodes E2, E% and ES in response to
upwardly directed distortions of the strip 1.

In principle it would even be sufficient to employ a
single feeler means of the alternative abovementioned
pipe, adapted to respond to distortions of the strip 1
directed in upward as well as downward direction, in
which case the signal processing means 7 would deter-
mine whether the signal S which in the event of a
deviation from zero, i.e. being zero in the case of a
planar strip 1, either deviates from zero towards plus or
towards minus, such that accordingly either the upper
elctrodes E2, E# and E® or the lower electrodes E!, E3
and ES are adjusted.

The above examples according to FIGS. 1 and 3
tllustrate the case according to which the adjustment of
the spacing between the strip and the electrodes is
brought about by adjusting the electrodes. It stands to
reason that it is also possible to adjust the strip in rela-
tion to the electrodes, in that the strip guide rollers
provided at intervals between the electrodes may be
adjusted. Inthe same way it would be possible to pro-
vide a combined adjustment of the electrodes and of the
strip guide rollers.

The claims which follow are intended to define the
scope of the invention and are to be considered part of
the present disclosure. The description of the preferred
embodiments read with the remainder of the specifica-
tton and with the claims wiil enable the person skilled in
the art to practise the invention.

What we claim is:

1. Apparatus for carrying out a process for the con-
tinuous electrolytic treatment and/or coating of a mov-
ing metallic strip whilst changing the spacing between
the strip and at least one electrode as a function of devi-
ations (distortions) of the strip mormal to the direction
of movement of the strip, comprising the steps of
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(2) determining a deviation as a function of its magni-

tude over a period,

(b) determining the period from the moment of de-
tecting the deviation to the moment of the arrival
of the deviation at the electrode, reduced by the
period needed for changing the spacing,

~ (c) determining the period needed for passing the
electrode and |

(d) adjusting the spacing between the strip and the 10
electrode as a function of the data determined in

“ the aforegoing steps, the apparatus comprising:

feeler means which prior to the arrival of the devia-
tion at the electrode generate at least one contin-
uous or discrete first signal as a function of the
deviation of the strip, measuring means which
generate a second signal as a function of the
velocity of the strip- signal processing means
comprising signal broadening means which as 5,
from the occurrence of a maximum value in the
first signal broaden that first signal in terms of
time whilst maintaining this maximum value as a
function of the length of the electrode and as a
function of the second signal, and delay means 25
connected to the signal processing means which
delay time-wise the broadened first signal as a
function of the distance of the feecler means from
the beginning of the electrode and as a function
of the second signal, the period of delay being
reduced by the response period of adjustment
means, connected to the delay means, in order to
adjust the spacing between the strip and the
electrode as a function of the broadened and 35
delayed first signal.
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2. Apparatus according to claim 1, wherein the signal
processing means take the form of a freely programma-

ble control and computer system.

3. Apparatus according to claim 1, wherein the signal
processing means comprise a miCro processor systemn.

4. Apparatus according to claim 1, wherein the feeler
means comprise two retaining members of insulating
material comprising three or more U-shaped recesses in
each of which a metal tube is movably held, the respec-
tive recesses having different depths in a staggered
pattern, each metal tube being urged in the recesses by
means of spring means against the bottom of the respec-
tive recess, a flexible conductor being connected 1o
each metal tube, in turn connected to a terminal of a
relay coil. |

5. Apparatus according to claim 1, wherein three
adjustable pairs of electrodes in a sequential arrange-
ment form a unit comprising outwardly and intermedi-
ately located electrodes, wherein the intermediately
located electrodes are connected to the plus pole of a
DC source having a plus and a minus pole and the out-
wardly located electrodes are connected to the minus
pole of the DC source.

6. Apparatus according to claim 5, characterised 1n
that the intermediately located electrodes have twice
the length of the outwardly located electrode.

7. Apparatus according to claim 5, wherein the inter-
mediately located electrodes are at an angle, inclined to
the path of travel of the strip, to flare from their central
regions towards the outer ends and the adjoining out-
wardly located electrodes are each inwardly inclined
towards the path of travel.

8. Apparatus according to claim 7, characterised in
that the inclination of the electrodes to the path of

travel is from 1° to 3°.
» B * x =
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